




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FIG. 1. Reconstructions of Anomalocaris, Laminacaris and Ramskoeldia frontal appendages. A, Ramskoeldia 
consimilis?. B, Anomalocaris magnabasis. C, Ramskoeldia consimilis. D, Anomalocaris saron. E, Ramskoeldia 
platyacantha. F, Anomalocaris canadensis. G, Laminacaris chimera. H, Anomalocaris pennsylvanica. Dotted 
lines indicate podomeres not preserved in any specimens. C, D redrawn from Guo et al. 2018, fig. 3; F, G, H 
redrawn from Pates & Daley 2018, fig. 6. 
































































FIG. 2. Geographic position of radiodont sites in the southern Great Basin. Abbreviations: EP: Emigrant 
Pass; HR = Highland Range (where One Wheel Canyon and Comet Mine are located); KG = Klondike Gap; 
MM = Marble Mountains; PM = Providence Mountains; RW = Ruin Wash. A, Modern day position of sites in 
North America. B, box indicated in A, showing in more detail the modern day position of radiodont-bearing 
sites in the Southwestern USA, modified from Webster 2011, fig. 2. C, Position of sites reconstructed 510 Ma 
using GPlates (Scotese, 2016). Abbreviations: B, Baltica; G, Gondwana; L, Laurentia; S, Siberia. D, box 
indicated in C showing Laurentia in more detail. 
































































FIG. 3. Stratigraphy of the Middle Shelf, Inner Shelf and Craton, southern Great Basin, with trilobite zones, 
from upper Dyeran to lower Delamaran. Roman numerals indicate Upper Dyeran Depositional Sequences of 
Webster 2011. Star indicates approximate position of highstand during Upper Dyeran Depositional Sequence 
1. Arrows indicate upper and lower boundary of 'Bristolia subzone' of 'Olenellus zone'. Grey areas indicate 
time ranges for preservation of radiodonts. Modified from Webster 2011, fig. 3. 
































































FIG. 4. Ramskoeldia consimilis? from the Bristolia mohavensis zone - Peachella iddingsi zone, Latham Shale, 
Dyeran, Marble Mountains, California, USA. A, UCR 7602/2. B, interpretative drawing of A. C, UCR 7602/1 
(counterpart to specimen shown in A). D, interpretative drawing of C. E, UCR 9990/1. F, interpretative 
drawing of E. All scale bars = 10 mm. Abbreviations: ds, dorsal spine; en, ventral endite; enb, base of 
ventral endite; pd, podomere; ts?, terminal spine?. 
































































FIG. 5. Ramskoeldia consimilis? from the Bristolia mohavensis zone - Peachella iddingsi zone, Latham Shale, 
Dyeran, Providence Mountains, California, USA. A, UCB D 7770. B, interpretative drawing of A. C, UCR 
7002/1. D, interpretative drawing of C. Abbreviations: aux, auxiliary spine; ds, dorsal spine; en, ventral 
endite; enb, base of ventral endite; pd, podomere; t, trilobite; ts?, terminal spine?. Scale bars = 10 mm. 
































































FIG. 6. Anomalocaris magnabasis from the Eokochaspis nodosa zone, Comet Shale Member, Pioche 
Formation, Nevada. KUMIP 293584 (holotype). A, Complete appendage with associated partial oral cone. B, 
close up of ventral endites on podomeres 2 and 3, showing triangular bases, spinules and auxiliary spines. 
C, interpretative drawing of A. D, close up of circular structures along dorsal side of appendage, interpreted 
as bases for dorsal spines. Abbreviations: c, circular base; ds, dorsal spine; en, ventral endite; enb, base of 
the ventral endite; L, large plate of the oral cone; pd, podomere; s, spinule. Scale bars = 10 mm. 
165x61mm (300 x 300 DPI) 
































































FIG. 7. Anomalocaris magnabasis from the Eokochaspis nodosa zone, Comet Shale Member, Pioche 
Formation, Nevada. NHMUK 1330a, b (paratype). A, Disarticulated elements including two frontal 
appendages, partial oral cone and flaps. B, interpretative sketch of A. C, close up of base of the frontal 
appendages associated with oral cone. D, close up of well-preserved flaps, showing strengthening rays. 
Abbreviations: en, ventral endite; ?L, putative large plate of the oral cone; pd, podomere. Scale bars in A, 
B, D = 10 mm, C = 5 mm. 
































































FIG 8. Anomalocaris magnabasis from the Nephrolenellus multinodus zone, Emigrant Pass, Pyramid Shale 
Member, Carrara Formation, California. A, TMM NPL 23925, complete appendage (image credit: B. Wilbur). 
B, interpretative drawing of a. C, LACMIP 12988, complete appendage associated with trilobite. D, 
interpretative drawing of C. Abbreviations: en, ventral endite; enb, base of the ventral endite; pd, 
podomere. Scale bars = 10 mm. 
































































FIG. 9. Anomalocaris magnabasis from the Pioche Formation, Nevada, showing a variety of stages of 
disarticulation. A, KUMIP 293576 from the Nephrolenellus multinodus zone, Combined Metals Member, a 
partial frontal appendage between stages 3 and 4. White arrows indicate distally pointing ventral endite 
bases, black arrows indicate bases perpendicular to the ventral surface of the frontal appendage. B, KUMIP 
298522 from the Eokochaspis nodosa zone, Comet Shale Member, a complete appendage in stage 2, white 
arrows indicate small ventral spines on podomeres 12, 13 and 15, black arrows indicate dorsal spines on 
podomeres 13, 14 and 15. C, KUMIP 298543, from the Eokochaspis nodosa zone, Comet Shale Member, a 
complete appendage showing poor preservation for majority of proximal region, but well preserved dorsal 
spines at distal tip, stage 3. White arrow indicates ventral spine on podomere 15, black arrows indicate 
dorsal spines on podomeres 14 and 15. D, Counterpart to C, close up on distal podomeres of frontal 
appendage, arrows indicate same as for C. E, KUMIP 293571, from the Nephrolenellus multinodus zone, 
Combined Metals Member, a complete frontal appendage in stage 3, black arrow indicates dorsal spine on 
podomere 14. F, KUMIP 293583, from the Eokochaspis nodosa zone, Comet Shale Member, a pair of 
complete frontal appendages in stage 4. Scale bars in A, B, C = 10 mm, D = 1 mm, E, F = 5 mm. 
































































FIG. 10. Anomalocaris magnabasis from the Pioche Formation, Nevada, showing bases of the ventral endite 
at a variety of angles. A KUMIP 293605, from the Nephrolenellus multinodus zone, Combined Metals 
Member, a partial frontal appendage preserved in ventro-lateral view. Arrow indicates auxiliary spine on left 
ventral endite. B, interpretative drawing of A. C, KUMIP 307022, from the Eokochaspis nodosa zone, Comet 
Shale Member. A partial frontal appendage. D, interpretative drawing of C, arrows indicate direction that 
ventral endite bases are pointing. E, KUMIP 293609, from the Nephrolenellus multinodus zone, Combined 
Metals Member, a partial frontal appendage. F, interpretative drawing of E. Abbreviations: aux, auxiliary 
spine; ds, dorsal spine; en, endite ; enb, base of the ventral endite; enL, left ventral endite; enR, right 
ventral endite; pd, podomere. Scale bars = 5 mm. 
































































FIG. 11. Anomalocaris magnabasis from the Pioche Formation, Nevada, preserved at stage 3 (no auxiliary 
spines). A, KUMIP 298529, from the Eokochaspis nodosa zone, Comet Shale Member, a complete frontal 
appendage. B, KUMIP 293572, from the Nephrolenellus multinodus zone, Combined Metals Member, a 
partial frontal appendage. C, KUMIP 298500, from the Nephrolenellus multinodus zone, Combined Metals 
Member, a partial frontal appendage. D, KUMIP 298501, from the Nephrolenellus multinodus zone, 
Combined Metals Member, a partial frontal appendage. E, KUMIP 298503, from the Nephrolenellus 
multinodus zone, Combined Metals Member, a partial frontal appendage. Scale bars in A = 5 mm, B, C, D, E 
= 10 mm. 
































































FIG. 12. Anomalocaris species with shaft endite indicated with black arrow. A, YKLP 13459, Anomalocaris 
saron. B, ROM 62543, Anomalocaris canadensis. C, YPM 10425, Anomalocaris pennsylvanica. D, line drawing 
of C redrawn from Pates & Daley, 2018 fig 3d. Scale bars = 10 mm. 
































































FIG. 13. Hurdia carapace from the Nephrolenellus multinodus zone, Combined Metals Member Shale 
Member, Pioche Formation, Nevada. A, KUMIP 378539. B, interpretative drawing of A. Abbreviations: H, H-
element; P, P-element. Scale bars = 10 mm. 
































































FIG. 14. Preservation stages of Table 4 illustrated diagrammatically for Anomalocaris magnabasis. 








































































v.e. in d.a.r. 
alternate 
long/short
v.e. on pd8 
longer than 
pd6











Amplectobelua 3 12 2 1 Yes Yes Yes No 0/2 No




1-2 13 2 1 Yes No Yes No 0/2 No
Laminacaris 2 13 1? 1 Yes No No Yes 5 Yes
Table 1: Comparison of frontal appendage characters of select radiodont genera. Abbreviations: aux, auxiliary spines; d.a.r., distal articulated 
region; pd, podomere; v.e., ventral endite.































































Catalogue number Previous interpretation Stratigraphy Reference New 
interpretation
UCB D 7770 and UCMP 
37470 (counterpart)
Anomalocaris canadensis Latham Shale, Providence 
Mountains
Briggs and Mount 1982, 
text-fig. 1 C, D
Ramskoeldia 
consimilis?
UCR 7602/1 and UCR 
7602/2 (counterpart)
Anomalocaris canadensis Latham Shale, Marble Mountains Briggs and Mount 1982, 
text-fig. 1 E, F
Ramskoeldia 
consimilis?




UCR 7002/1 Anomalocaris n. sp.; 
Anomalocaris canadensis
Latham Shale, Providence 
Mountains
Mount 1976, fig. 19; 
Briggs and Mount 1982, 
text-fig. 1 A, B
Ramskoeldia 
consimilis?
YPM 163103 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis
KUMIP 293571 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, fig. 8.4 Anomalocaris 
magnabasis
KUMIP 293572 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, fig. 7.3 Anomalocaris 
magnabasis?
KUMIP 293605 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, fig. 7.2 Anomalocaris 
magnabasis
KUMIP 293609 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis
KUMIP 298500 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, fig. 7.1 Anomalocaris 
magnabasis?
KUMIP 298501 Anomalocaris Nephrolenellus multinodus zone, Lieberman 2003, p.684 Anomalocaris 































































pennsylvanica Combined Metals Member, 
Pioche Formation
magnabasis?
KUMIP 298502 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 298503 Anomalocaris 
pennsylvanica
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation







Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 293574 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 293575 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 293576 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 298512 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis
KUMIP 298513 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis
KUMIP 298515 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 298516 Anomalocaris Nephrolenellus multinodus zone, Lieberman 2003, p.684 Anomalocaris 































































pennsylvanica? Combined Metals Member, 
Pioche Formation
magnabasis?
KUMIP 298532 Anomalocaris 
pennsylvanica?
Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
Lieberman 2003, p.684 Anomalocaris 
magnabasis?
KUMIP 293578 
(counterpart KUMIP  
293587)
Anomalocaris Pioche Formation Lieberman 2003, p.684, 686 Anomalocaris 
magnabasis
KUMIP 293583 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 293586 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 293584 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, figs. 8.1, 9 Anomalocaris 
magnabasis
KUMIP 293585 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 298520 (2 
specimens)
Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis?
KUMIP 298521 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 298522 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 298529 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, fig. 8.2 Anomalocaris 
magnabasis
KUMIP 298530 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 298543 Anomalocaris cf. saron Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, fig. 8.3 Anomalocaris 
magnabasis
KUMIP 293578 Anomalocaris cf. saron? Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis































































KUMIP 293857 Anomalocaris cf. saron? Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 294226 Anomalocaris cf. saron? Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 294227 Anomalocaris cf. saron? Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis
KUMIP 307022 (2 
specimens)
Anomalocaris cf. saron? Eokochaspis nodosa zone, Comet 
Shale Member, Pioche Formation
Lieberman 2003, p.686 Anomalocaris 
magnabasis?
NHMUK IC 1330a, b Not previously described. Eockochaspis nodosa zone, 
Comet Shale Member, Pioche 




NHMUK IC 1331 a, b Not previously described. Eockochaspis nodosa zone, 
Comet Shale Member, Pioche 




KUMIP 378539 Not previously described. Nephrolenellus multinodus zone, 
Combined Metals Member, 
Pioche Formation
- Hurdia sp.
TMM NPL 23925 (part 
and counterpart)
Anomalocaris Nephrolenellus multinodus zone, 
Pyramid Shale Member, Carrara 
Formation
Wilbur 2005, p. 11 Anomalocaris 
magnabasis?
TMM NPL 64841 (part 
and counterpart)
Not previously described. Nephrolenellus multinodus zone, 




KUMIP 492944 Not previously described. Nephrolenellus multinodus zone, 




LACMIP 12988 Not previously described. Nephrolenellus multinodus zone, 
Pyramid Shale Member, Carrara 
- Anomalocaris 
magnabasis?
































































Table 2: All specimens examined during this study, with original identification, age and locality information, new identification and references.


















































































Base of v.e. on 1st 
pd in d.a.r.
Triangular Triangular Rectangular Rectangular 
#ventral spines 
on 1st pd in d.a.r.
3 3 3 1
Spinules on pd3 Yes Yes No No
Length of v.e. 
bases in d.a.r.
Long Intermediate Short Intermediate
Spinules on v.e. 
bases
Yes Yes No No
v.e. morphology 
on pd12-15
Same as rest 
of d.a.r. but 
shorter





Same as rest 
of d.a.r. but 
shorter
Table 3: Differences between the frontal appendages of select Anomalocaris taxa. 
Abbreviations: d.a.r., distal articulated region; pd, podomere; v.e., ventral endite.





































































Base of ventral 
endites
Podomeres Dyeran specimens Delamaran specimens
Stage 1 X X X X X X None KUMIP 293584 (Fig. 6)
Stage 2 X X X X X KUMIP 293605 (Fig. 10A), 293509 (Fig. 10E)
NHMUK IC 1330 (Fig. 7); 
KUMIP 298522 (Fig. 9B)
Stage 3 X ? X X
KUMIP 293572 (Fig. 
11B), 293576 (Fig. 9A), 
298500 (Fig. 11C), 
298501 (Fig. 11D), 
298503 (Fig. 11E)
NHMUK IC 1331; KUMIP 
298520, 298529 (Fig. 
11A), 298530, 298543 
(Fig. 9C ,D), 307022 (Fig. 
10 C)
Stage 4 X X
KUMIP 293571 (Fig. 9E), 
293575, 298512, 
298514, 298532; YPM 
163103








Table 4: Stages of disarticulation of Anomalocaris specimens from this study, with an X indicating the presence of a feature in the specimen. Dyeran 
and Delamaran specimens listed from Pioche Formation only.































































Amplectobelua Anomalocaris Caryosyntrips Hurdia Peytoia Ramskoeldia References
Stage 3
Chengjiang symbrachiata saron consimilis, 
platyacantha
Hou et al. 1995; 
Cong et al. 2018
Shuijingtuo Fm. sp Cui and Huo 1990; 
Daley et al. 2013a
Stage 4
Balang Fm sp sp Liu 2013
Wulongqing Fm. kunmingensis Wang et al. 2013
Kinzers Fm. sp pennsylvanica Briggs 1979; Pates & Daley in 
review
Cranbrook Shale canadensis Briggs 1979
Latham Shale sp This study
Pyramid Shale n. sp. Wilbur 2005; This study
Pioche Fm. n. sp. sp Lieberman 2003; this study
Wuliuan
Spence Shale camurus victoria Pates & Daley 2017; 
Pates et al. 2018b




nathorsti Daley & Budd 2010; Daley et al. 








durus nathorsti Briggs et al. 2008; Pates & 
Daley 2017; Pates et al. 2018b
Marjum Fm. nathorsti Briggs & Robison 1984; 
Pates et al. 2018b
Table 5: Comparison of common radiodont taxa across Chinese and Laurentian localities. Unnamed taxa referred to as ‘sp’. Note the specimens 
of Anomalocaris sp. from the Spence Shale and Wheeler Formation described in Briggs et al. 2008 are not included, as a redescription is 
required to positively identify these as Anomalocaris in the wake of the vast increase in radiodont descriptions over the last decade.
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